Monte Carlo simulations are carried out to evaluate the diffusion coefficient in some lattice Lorentz gases with mixtures of point scatterers in the limit of a low concentration of scatterers. Two models on a square lattice are considered: (a) right aud left stochastic rotators plus pure refiectors and (b) right and left stochastic mirrors plus pure refiectors. The simulation data are compared with the repeated ring approximation (RRA). The agreemeut is excellent for models in the absence of pure re8ectors, suggesting that the RRA gives the correct difFusion coefficient for those cases. As the fraction z~of re8ectors increases, the difFusion coefficient decreases and seems to vanish at zs 0.8 (percolation threshold) with a critical exponent p, 2 (stochastic model) or p 3 (deterministic rotator model).
I. INTRODUCTION
Lattice gas cellular automata have been a subject of great interest in the last few years as models of nonequilibrium fiuids [1] . In the special case of Lorentz lattice gases, a moving particle follows ballistic trajectories in a d-dimensional regular lattice with a fraction p of the sites occupied by fixed scatterers randomly distributed.
Upon hitting a scatterer, the moving particle modifies its direction of motion according to stochastic or deterministic collision rules. In addition, the scatterers can be of a single type or not, and they can have excluded volume or not [2, 3] .
The main transport property in Lorentz gases is the diffusion coefficient D(p), which is defined by the Einstein relation (r'(t)) = 2dD(p)t, t -+ oo, where the system has been assumed isotropic. In the case of lattice Lorentz gases, the Green-Kubo formula for the diffusion coefficient reads (2) where is the velocity autocorrelation function. In Eq. (3), (. . . ) denotes an average over different trajectories in a given lattice realization, followed by a subsequent average over difFerent realizations. In Eq. (2) and thereafter, the particle is assumed to move with»~it speed and the nearest neighbor distance is taken as the length unit.
If the collision rules include the possibility of backscattering, correlated collisions contribute to the diffusion coefficient as much as do uncorrelated collisions, even in the low-density limit (p + 0) [4, 5] . In that case, the Boltzmann prediction for D is incorrect. Recently, van Beijeren and Ernst [6] used an exact analytic enumeration method to derive the exact expression for lim~~o pD(p)-: D' in the case of identica/ point scat-
terers. Subsequently, Ossendrijver, Santos, and Ernst [2] obtained analytical expressions for D* by resumming all the contributions associated with the so-called repeated ring collisions [7] . Since repeated ring collisions constitute only a subset of all retracing trajectories, the results obtained in Ref. [2] are in general only approximate. Nevertheless, the low-density diffusion coefficient given by the repeated ring approximation (RRA) coincides with the exact result in the special case of identical point scatterers. Consequently [7] , one can account for all repeated ring collisions. In the low-density limit, the diffusion coefficient obtained from the RRA is [2] where, as will be assumed in the sequel, we have taken x~--xL, . Thus, the RRA predicts that the diffusion coefficient tends to zero (i.e. , the system approaches per- 
VI. RESULTS

A. Models without reflectors
Let us first consider models in the absence of pure reflectors (z~= 0). As a consequence, the particle is never trapped in a closed trajectory. As a representative example of the rotator model we have considered the case o. = P = (1 -p)/2, h = 0. The diffusion coefficient obtained from the simulation is compared in Fig. 5 with the Boltzmann approximation, the average scatterer approximation, and the repeated ring approximation. We observe that the agreement of the RRA is excellent for all the values of p. The ASA seems to be a fair approximation only in the region of small p. The BA is a very poor approximation, except in the limit of deterministic rotators (p = 1).
As a first example of the mirror model, we have chosen n = p = (1 -P)/2. The results are plotted in Fig.   6 . Again, the RRA reproduces the simulation results within the error bars. The ASA is a fair approximation that correctly takes into account that D* -+ 0 in the limit P -1.
A more interesting case is the mirror model with P = p = (1 -o, )/2. Figure 7 shows that, as before, the RRA agrees with simulation. The extrapolation of this agreement to n -+ 0 suggests that the behavior (32) might be correct. As shown in Fig. 7 , the ASA predicts diffusive behavior DAsA --(1+~33)/48~0.14 even at n = 0.
B. Models with reflectors
As said in Sec. IV Fig. 8 . Except when the concentration of reflectors is small, the RRA is a poor approximation. Not only is the critical value z& clearly larger than 3 but the critical exponent p is larger than On the other hand, it is interesting to note that the ASA is only correct at, but not near, x~--0 and fails to predict a percolation threshold. Similar conclusions can be drawn from the mirror model with n = P = p = -,as can be seen in Fig. 9 .
Again, the RRA seems to reproduce the diffusion coeKcient and its slope at x~--0, but underestimates D* at finite x~. The ASA, however, overestimates D* even at x~--0.
As seen in Sec. IV, the RRA predicts for the deterministic rotator model (p = 1) a critical exponent (p, = 2) difFerent from the general one (p = 1). This is the main motivation for considering this model. Its difFusion coefficient is plotted in Fig. 10 as a function of the fraction of reflectors. As in the two previous cases, the RRA seems to be correct in the region of low concentration of pure reflectors, but strongly deviates from simulation for x~) 0. Gunn and Ortuno for the deterministic rotator model [8] is not correct.
